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Abstract Western European landscapes have drastically
changed since the 1950s, with agricultural intensifications
and the spread of urban settlements considered the most
important drivers of this land-use/land-cover change.
Losses of habitat for fauna and flora have been a direct
consequence of this development. In the present study, we
relate butterfly occurrence to land-use/land-cover changes
over five decades between 1951 and 2000. The study area
covers the entire Swiss territory. The 10 explanatory
variables originate from agricultural statistics and censuses.
Both state as well as rate was used as explanatory vari-
ables. Species distribution data were obtained from natural
history collections. We selected eight butterfly species:
four species occur on wetlands and four occur on dry
grasslands. We used cluster analysis to track land-use/land-
cover changes and to group communes based on similar
trajectories of change. Generalized linear models were
applied to identify factors that were significantly correlated
with the persistence or disappearance of butterfly species.
Results showed that decreasing agricultural areas and
densities of farms with more than 10 ha of cultivated land
are significantly related with wetland species decline, and
increasing densities of livestock seem to have favored
disappearance of dry grassland species. Moreover, we
show that species declines are not only dependent on land-
use/land-cover states but also on the rates of change; that
is, the higher the transformation rate from small to large
farms, the higher the loss of dry grassland species. We
suggest that more attention should be paid to the rates of
landscape change as feasible drivers of species change and
derive some management suggestions.
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Introduction
Landscapes in Western Europe have drastically changed
since the 1950s and locally driven gradual processes have
been largely replaced by more dynamic global forces. In
Europe, and in particular in Switzerland, accelerated rates
of land-use change were observed at least up to the 1990s
(Schneeberger and others 2007). The post-1990 periods
show lower rates of change due to a more sustainable use
of land resources. Urbanization and technological advances
in agriculture have been revealed as prominent causes of
landscape change (Ewald 1978). Two opposing trends of
land-use change have been identified: agricultural intensi-
fication on favorable land and land abandonment on
marginal agricultural areas (Ba¨tzing 2003; Ewald 1978). In
this context, intensification has primarily occurred in flat
areas with mostly deep and nutrient-rich soils. Conse-
quently, landscape elements such as hedgerows, stone
walls, or small ponds characteristic for traditional rural
landscapes have been removed to facilitate treatment by
farm machines. Land abandonment, on the other hand, has
been observed in less productive areas or areas less easily
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accessible to machines. It has especially affected European
mountain areas where agriculture is limited by the pre-
vailing climatic conditions and the difficult topography.
Land-use/land-cover change has been widely recognized
as an important driver of species change (e.g., Gaston and
others 2003; Hutchinson and others 2000). Its impact on
plant and animal species diversity has been shown in
several empirical studies (Benton and others 2002;
Chamberlain and others 2000; Cousins and Eriksson 2002;
Dullinger and others 2003; Lundstro¨m-Gillie´ron and Sch-
laepfer 2003). Both intensification and land abandonment
might contribute to the decrease of species richness, even
though land abandonment might temporary increase spe-
cies richness due to newly initialized, natural succession
processes (Laiolo and others 2004; So¨derstro¨m and others
2001) that result in higher habitat heterogeneity.
Most studies showing a statistical relationship between
historically documented land-use change and species
abundance are rather limited in space. Often they are rep-
resentative for a commune, county, or district only. An
exception is the study of Lundstro¨m-Gillie´ron and Sch-
laepfer (2003), who analyzed land-use/land-cover change
on 936 communes in the northwestern part of Switzerland
since the 1950s and its impacts on the abundance of brown
hare (Lepus europaeus). They used communal statistical
census data and showed that agricultural intensification as
well as the spread of urban areas and the road and rail
network are important drivers of the decline of the brown
hare. By means of a cluster analysis of population cen-
suses, Ba¨tzing (2003) showed that processes of land
abandonment and urbanization in the European Alps
between 1871 and 2000 were correlated to areas of strong
population decreases and increases, respectively. Cluster
analysis also proved advantageous for investigating chan-
ges in a hedgerow network in France (Burel and Baudry
1990). The study analyzed the class membership of 26
contiguous research quadrates over four time periods and
identified quadrates with different rates of change in the
hedgerow network.
In the present study, we aim to explore historical land-
use/land-cover changes in Switzerland for five time periods
between the 1950s and 1990s to delineate areas with dif-
ferent historical land-use/land-cover developments and
rates of change. Furthermore, we investigate the relation-
ships between these land-use/land-cover changes and the
persistence or disappearance of butterfly species occurring
in either dry grassland or wetland habitats. This article
presents four novel aspects: (1) the use of large-scale
communal data and long-term species observations from
natural history collections (Graham and others 2004); (2)
the use of land-use data with a thematic precision that goes
beyond land-cover data [e.g., NLCD (USA); CORINE
(EU), or the Swiss area statistics]; (3) a bootstrap algorithm
to select the important model parameters; and (4) the
inclusion of land-use states and rates of change as
explanatory variables in the models. With the latter, we
challenge results from metapopulation models that have
revealed probable impacts of the rate of environmental
change on metapopulation survival (Bergman and Kindvall
2004; Brachet and others 1999; Schrott and others 2005).
Because our primary objective is in detecting—but not
forecasting—patterns of change, all presented models are
thus of an explanatory rather than a predictive nature.
Material and Methods
Study Area
The study was conducted in Switzerland (41,293 km2),
which topographically can be divided into five major
landscape types (Fig. 1). The Plateau is a west–east-ori-
ented lowland corridor (360–600 m a.s.l.) that is enclosed
by mountainous areas: in the north by the Jura Mountains
(1000–1600 m a.s.l.) and in the south by the Alps (3000–
4600 m a.s.l.). The Alps divide the northern part of the
country that is dominated by maritime climatic conditions
from the southern part, where insubrian conditions prevail.
Wet air masses are carried to the Alps from either the North
Atlantic or the Mediterranean area, resulting in high annual
rainfall at both versants (Northern and Southern Alps).
Situated in the rain shadow, west–east-oriented inner-
alpine valleys of the Central Alps show low precipitation
values.
Land-Use/Land-Cover Data
Data on land use/land cover were obtained from national
agricultural statistics and censuses between the 1950s and
the 1990s. Because recordings were carried out in intervals
Fig. 1 Spatial division of Switzerland into its five landscape types
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of about 10 years, datasets for five time periods resulted
(1950s, 1960s, 1970s, 1980s, and 1990s). The census data
were recorded for all 2836 Swiss communes. The latter
represent the smallest political entities in Switzerland and
the smallest spatial entities in our modeling study. We
selected variables that were recorded as consistently as
possible over time and that either represented land-use/land-
cover types directly (e.g., arable land or residential build-
ings) or could be used as indirect or surrogate indicator
(Lindenmayer and others 2002) for farming practices (e.g.,
farms [10 ha or livestock) (Table 1). From the original
data, percentages or fractions were calculated to compensate
for different large sizes of communes or agricultural areas
within them. Transformation rates between two subsequent
decades were calculated for all variables by subtracting the
later from the earlier state value and dividing the difference
by the time lag [e.g., (1960 value – 1950 value)/10 years].
Transformation rates for four transitions were obtained:
1950s–1960s, 1960s–1970s, 1970s–1980s, and 1980s–
1990s. Negative rates indicated a decrease and positive rates
an increase in the respective variable.
Species Data
Butterfly species data were provided by the Swiss Centre for
Faunal Cartography (CSCF). The data originated from
natural history collections (NHCs; Graham and others
2004) and comprised records taken between 1951 and 2000.
NHC data might have several limitations for spatial
modeling (Graham and others 2004) including the follow-
ing: (1) errors in taxonomic identification and spatial errors;
(2) biases due to preferential sampling; and (3) missing
species true sample absences. However, the data used here
were checked for taxonomic uncertainties by professional
entomologists at the CSCF. Furthermore, spatial uncer-
tainties of the records could be reduced by aggregating the
records on the communal level, the same level as the land-
use/land-cover data. Hence, the communal level was chosen
as the appropriate research scale, as it integrated both
species and environmental data. Furthermore, the commu-
nes represent important management units in Switzerland,
because enacted regulations such as for conservation pur-
poses are implemented by the communal authorities.
Because of unsystematic sampling, we assume that not
all communes with species presences were sampled in the
past. However, we feel that for relating species presence-
absence pattern to site characteristics, this shortcoming is
not seriously hampering. We had access to spatiotemporal
presence-only data of 200 butterfly species occurring in
Switzerland. Out of these, two groups of butterfly species
were established with widely differing habitat require-
ments. Four species occurring in dry grasslands (Walter
and others 2003) and inhabiting approximately the same
altitudinal range (Gonseth 1987) were summarized as dry
grassland species: Melitaea didyma (Spotted Fritillary),
Lycaeides idas (Idas Blue), Melitaea cinxia (Glanville
Fritillary), and Pseudophilotes baton (Baton Blue) (tax-
onomy according to Ebert and Rennwald 1993). Another
four species appearing predominantly in wetland habitats
such as fenlands and bogs (Lepidopterologen-Ar-
beitsgruppe 2001) were grouped as wetland species:
Maculinea teleius (Scarce Large Blue), Maculinea alcon
(Alcon Large Blue), Maculinea nausithous (Dusky Large
Blue), and Coenonympha tullia (Great Heath). We refer to
these selected species as ‘‘target species.’’ The grouping of
species was necessary brcause single species data would
have been too scarce, increasing the probability of error-
prone and instable models (Guisan and Thuiller 2005). We
did not include woodland species and species with a wide
range of suitable habitats, although they might have prof-
ited from agricultural abandonment in mountain areas.
However, their environmental envelopes encompass so
many different habitat types that we would expect no clear
responses with the proposed set of methods.
Because the data were presence-only we had to define
valid absences for the statistical analyses. The method for
calculating absences is described in the Statistical Analyses
section.
Table 1 Land-use/land-cover
data recorded for the five
decades (1950s to the 1990s)
Note: The data were either
related to the communal area
(CA) or the agricultural area
(AA)
Acronym Description Unit Ref. Census years
FS2 Farm size 1–5 ha Number/ha AA 1955, 1965, 1975, 1985, 1996
FS3 Farm size 5–10 ha Number/ha AA 1955, 1965, 1975, 1985, 1996
FS4 Farm size [10 ha Number/ha AA 1955, 1965, 1975, 1985, 1996
AA Agricultural area (without forests) ha/ha CA 1955, 1965, 1975, 1985, 1996
AL Arable land ha/ha CA 1955, 1965, 1975, 1985, 1996
GL Intensively cultivated grasslands ha/ha CA 1955, 1965, 1975, 1985, 1996
OR Orchards ha/ha CA 1960, 1965, 1975, 1985, 1996
WL Wetlands ha/ha CA 1960, 1965, 1975, 1985, 1996
LS Livestock Number/ha AA 1956, 1966, 1978, 1990, 2000
RB Residential buildings Number/ha CA 1960, 1970, 1980, 1990, 2000
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Statistical Analyses
Cluster Analysis
Cluster analysis was used as an explorative method to
characterize land-use/land-cover change and its corre-
sponding rates of change of all communes investigated
(Ba¨tzing 2003; Burel and Baudry 1990). To do so, we
clustered the communes based on their rates of change to
reveal communes with similar trajectories of change. Thus,
a commune always remained in the same cluster, but the
cluster means could change from one decade to the next
one. To normalize the explanatory variables, these were
logarithmically (for frequencies) or arcsin (for percentages)
transformed (Mosteller and Tukey 1977) prior to cluster-
ing. The analyses were conducted within the R statistical
software package (R 1.9.1—A Language and Environment,
2004) using the function clara (Kaufman and Rousseeuw
1990), written specifically to handle large datasets. The
partitioning was carried out using the Euclidean distance
on standardized data. The final number of clusters was
defined by calculating the average silhouette width (Ka-
ufman and Rousseeuw 1990; Rousseeuw 1987) for
calculations with 2–15 resulting clusters. Kaufman and
Rousseeuw (1990) proposed the following interpretation of
the maximal average silhouette width for the entire dataset:
B0.25: no substantial structure was found; 0.26–0.5: a
weak structure was found; 0.51–0.7 a reasonable structure
was found; and 0.71–1: a strong structure was found.
Cluster means were derived by averaging the nontrans-
formed data for each cluster that allowed a direct
interpretation of the changes in the variables. The results
were spatially displayed using ArcGIS (ESRI Inc., Red-
lands, CA, USA).
Generalized Linear Models (GLMs)
Species Presence and Absence Datasets We selected
communes where the target species were either recorded in
two subsequent decades (‘‘presence-presence’’ events) or
only in the earlier but not in the later decade (‘‘presence-no
record’’ events). This setting follows the hypothesis that
land-use/land-cover changes occurring in the ‘‘presence-
presence’’ event did not lead to species disappearance,
whereas the land-use/land-cover changes might have been
detrimental for species’ survival in the ‘‘presence-no
record’’ event.
Because the species data only contained valid presences,
the status ‘‘no record’’ of a species could have several
reasons: (1) the species remained undetected when the
commune was revisited (MacKenzie and others 2003); (2)
the species was temporarily absent (e.g., source-sink
dynamics; see Pulliam 2000); (3) the commune has not
been revisited at all during the subsequent decade; or (4)
the species was in fact extinct due to land-use/land-cover
changes and was thus absent from the place. In order to
define most probable absences, we used presence data of
the remaining ‘‘nontarget’’ butterfly species (196 species).
We observed that significantly more nontarget butterfly
species were reported for the same site and decade when
the target species were present themselves (Wilcoxon rank
sum test, P \ 0.001) (Fig. 2). We therefore selected those
present
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Fig. 2 The boxplots show the number of other butterfly species that
were recorded in the same communes and the decades the target
species were either present or not recorded. Only communes with at
least one target species record were considered. For both groups of
target species, the results show that in communes where target species
were not recorded also fewer of the other species were found. Means
used as threshold values for the further selection of valid absence
communes are indicated in brackets. Differences in the means are
significant for both species groups (Wilcoxon rank sum test, P \
0.001)
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communes as representative absences where more than the
average number of nontarget species was recorded. Using
this selection method, we reduced the chance of having
missed the species when the commune was revisited (case
1) and excluded all cases of false absence that are caused
by not revisiting the commune at all (case 3). Missing
species records between two presences (case 2) were not
considered as valid absences. A commune could have up to
four ‘‘presence-presence’’ events, whereas only one
‘‘presence-absence’’ event was possible. One hundred
sixty-two and 81 ‘‘presence-presence’’ (persistence) and 89
and 37 ‘‘presence-absence’’ (local disappearance) events
were obtained for the dry grassland and the wetland species
group, respectively.
Based on these selections we compiled the species data-
sets that contained (i) the dependent binary variable (species
‘‘presence-absence’’ [1] and ‘‘presence-presence’’ [0] events
between the five time periods), (ii) the transformation rates,
(iii) the states of the land-use/land-cover variables of each
subsequent decade (representing the quantity of land use/
land cover after a period of change), and (iv) the longitude
and latitude of the commune centroids. The latter was
included to account for possible spatial trends in the data, as
our species data were not surveyed using a systematic grid
sampling approach and might therefore show differences
across the study area. We did not include altitude as
explanatory variable, as there was no sufficient information
in the historical data to define the altitude where a species
was found. Additionally, communes can show large altitu-
dinal gradients. Consequently, calculating average heights
would certainly lead to an undesirable bias.
Model Fitting We fitted GLMs with a binomial family
and a logistic link function within the R statistical software
package to assess relevant drivers for species survival and
disappearance, respectively.
The selection of the explanatory variables was con-
ducted using a stepwise backward procedure combined
with a bootstrap algorithm that accounted for the temporal
correlation in the data. The algorithm started by drawing a
bootstrap sample of communes from the species dataset.
From this dataset, a GLM was fitted. This procedure was
repeated 1000 times to provide a sufficiently large basis to
calculate confidence intervals (Davison and Hinkley 1997).
To define the P-values of the model parameters, we applied
the basic bootstrap method (Davison and Hinkley 1997)
that estimates the end points of bootstrap a-level confi-
dence intervals. Thus, for every explanatory variable,
confidence intervals for decreasing significance levels a
(from 100% to 10% with a decrement of 5% and from 9%
to 1% with a decrement of 1%) were calculated. Once the
variable with the highest P-value was defined, it was
excluded as explanatory variable. Thereafter, the algorithm
restarted by drawing new bootstrap samples. This stepwise
procedure was sequentially repeated until only parameters
with P-values B0.05 were retained.
Model Evaluation Each model was evaluated with com-
monly used indicators [e.g., the percentage of deviance
(D2) explained by the respective GLM, or the adjusted D2
(see Guisan and Zimmermann 2000)] that take into account
the number of observations and parameters used to build
the model. Furthermore, we evaluated the models by using
a leave-one-out jack-knife procedure (Guisan and Zim-
mermann 2000; Manly 1997). This procedure was chosen
because the number of occurrences was considered too
limited to conduct a proper cross-validation (e.g., 10-fold
cross-validation). A new GLM was fitted on a dataset
reduced by a single observation at a time. This procedure
was repeated until every observation in the dataset was left
out once. In each run, the fitted model was used to predict
the response for the excluded observation. The predictions
were reclassified to presence-absence (1/0) for all threshold
values between 0.05 and 0.95 by an increment of 0.05 and
compared to the observed presence-absence events by
calculating the kappa statistic (Fielding and Bell 1997).
The maximum kappa value (max kappa) was then assigned
to the model (Engler and others 2004; Guisan and Hofer
2003). Because this evaluation measure is sensitive to the
prevalence (i.e., the proportion of presences; see Fielding
and Bell 1997; Manel and others 2001), we additionally
calculated the threshold independent receiver operating
characteristic (ROC) statistic (Fielding and Bell 1997),
yielding the area under the curve (AUC) value as a measure
of prediction success. The AUC takes values between 0.5
and 1.0, where a value of 0.5 indicates a chance perfor-
mance and a value of 1.0 represents a model that perfectly
separates presences and absences.
The relative importance of each explanatory variable on
the model fit was assessed using hierarchical partitioning
(Chevan and Sutherland 1991; Mac Nally 2002), available
within the R package hier.part (Walsh and others 2004).
This method assesses the degree to which each explanatory
variable of a multiple regression model independently and
jointly influences the response variable. This finally allows
allocating the total degree of explained variance to each
variable, enabling us to partition the individual influences
of rates and states in our analysis.
Results
Trajectories and Rates Of Change (Cluster Analysis)
The cluster analysis enabled us to group communes with
similar patterns of change in the explanatory variables over
440 Environmental Management (2009) 43:436–446
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the five decades. Seven types resulted from the clustering
that reached a maximal average silhouette width of 0.22.
The result of the cluster analysis is shown in Fig. 3, which
depicts the averaged trajectories of six important variables.
In types 1, 3 and 7 livestock and farm size 4 show high
positive rates of change between 1950 and 1970. This is the
result of small farms being merged with bigger farms due to
agricultural market forces. It also indicates the strong agri-
cultural intensification that prevailed until the 1970s.
Afterwards, the rates of change became negative. The
number of livestock decreased as a consequence of the quota
limitation for milk production introduced by the Swiss
Federal Government in 1977. However, farm size continued
to grow while the agricultural area remained on the same
level. Geographically, type 1 best matches with communes
where dairy farming and the cultivation of wetlands was
very prominent. This is the case in the transition zone
between the Plateau and the Northern Alps (Fig. 1). Type 3
has strong accordance with intensively cultivated areas and
is predominantly found on the Plateau, whereas type 7 is
mainly found in mountain areas with low-intensity faming
and large farm sizes (Northern Alps and Eastern Central
Alps). Type 4 shows high positive rates in the percentage of
orchards and is therefore concentrated in regions where
fruit-growing has been forced, mainly in the vicinity of lakes
in the southwest and northeast of the Plateau. Type 5 is
characterized by decreasing densities of all three farm size
classes over the five decades. This type is located in regions
where changes from a non-intensive to an intensive
agriculture have taken place. Geographically it is bound to
the Jura Mountains. Type 6 is characterized by a rapid and
constant decline in the smallest farm size class and an
increase in the largest farm size class. Communes belonging
to this type are predominantly found in regions with non-
intensive agriculture where small farms are merged with
bigger farms to be economically viable. This type is pre-
dominantly found in the Western Central Alps and the
Southern Alps. Type 2 shows a pronounced increase in
residential areas and negative rates for agricultural area.
Communes of this type are predominantly located around
the larger cities on the Plateau. However, they occur wher-
ever residential areas are built.
Effects of Land-Use/Land Cover Change on Butterfly
Species (GLMs)
Dry Grassland Species Group
In this model three significant variables (P B 0.05) were
retained (Table 2, part A). Livestock (LS) is the only state
variable and shows a positive coefficient. The remaining
variables are rate variables [i.e., rates of change of the
density of farm sizes of 5–10 ha (FS3-R) and[10 ha (FS4-
R)]. Both variables have negative coefficients. The results
indicate that dry grassland species declines were favored in
communes showing higher densities of livestock and neg-
ative rates in the density of farms of size [5 ha. The
variables explained 9.7% of the deviance on average; the
Farm size 2 (FS2)
Decade
D
en
si
ty
 [n
o/h
a]
1950s 1960s 1970s 1980s 1990s
0.0
0.1
0.2
0.3
0.4
Farm size 3 (FS3)
Decade
D
en
si
ty
 [n
o/h
a]
1950s 1960s 1970s 1980s 1990s
0.00
0.02
0.04
0.06
Farm size 4 (FS4)
Decade
D
en
si
ty
 [n
o/h
a]
1950s 1960s 1970s 1980s 1990s
0.00
0.01
0.02
0.03
0.04
0.05
Agricultural area (AA)
Decade
Fr
ac
tio
n 
[ha
/ha
]
1950s 1960s 1970s 1980s 1990s
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
Livestock (LS)
Decade
D
en
si
ty
 [n
o/h
a]
1950s 1960s 1970s 1980s 1990s
0.0
0.5
1.0
1.5
2.0
Type 1
Type 2
Type 3
Type 4
Type 5
Type 6
Type 7
Residential buildings (RB)
Decade
D
en
si
ty
 [n
o/h
a]
1950s 1960s 1970s 1980s 1990s
0.0
0.5
1.0
1.5
Fig. 3 Trajectories of change
(averages) of six variables
between the 1950s and 1990s
for the seven cluster types
obtained in the cluster analysis.
Characterization of the types:
Type 1 = increase of livestock
and large farms up to 1970 then
decrease, areas with prominent
dairy farming; Type
2 = urbanized and residential
areas; Type 3 = increase of
livestock and large farms up to
1970 then decrease, areas with
intensive agriculture; Type
4 = strong expansion of fruit-
growing farms; type
5 = increasing intensive
agriculture; Type 6 = small
farms merge with larger farms;
Type 7 = strong decrease in
farms with 5–10 ha in areas
with nonintensive agriculture
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variables expressing rates of change explained 5.9%, and
livestock as a variable of state explained 3.8%. The low
model fit is visible in the low averaged max kappa of 0.28
and an AUC of 0.69. Table 3 (part A) illustrates the step-
wise elimination of 19 out of 22 explanatory variables. The
elimination sequence does not show any preference for
either state or rate variables.
As shown in Fig. 4a, dry grassland species’ presence-
presence events were more common in communes charac-
terized by a replacement of smaller farm sizes by larger ones
(trajectory type 6). Species persistence in this trajectory type
was favored by the positive rate of farm size 4 as well as the
low density of livestock, as illustrated in Fig. 3. The high
proportion of species presence-absence events might be
related to the negative rate of farms with a size between 5
and 10 ha (farm size 3 in Fig. 3). In contrast, proportionally
more presence-absence than presence-presence events were
counted in trajectory type 7. Here we observed higher den-
sities of livestock compared to type 6, as well as higher
negative rates in the farm size class 3. Both types favored
species declines according to the model coefficients. How-
ever, positive rates of FS4 and slight decreases in the density
of livestock in the most recent decade might have favored
species persistence. In trajectory types 4 and 5, the presence-
presence and presence-absence events are more or less
balanced. Only slight decreases in farm size 3 and average
values for farm size 4 and livestock could be the reason for
this indifferent behavior.
Wetland Species Group
Only two significantly correlated variables (P B 0.05)
expressing land-use/land-cover states were retained in the
final model: the agricultural area (AA) and the largest farm
size (FS4) (Table 2, part B). Both coefficients were nega-
tively correlated, indicating that species declines were
favored in communes with smaller fractions of agricultural
area and lower densities of farms with a size [10 ha. The
averaged D2 was 15.3%. The results from the hierarchical
partitioning showed that the variable of the largest farm
size class explained 6.85% and the agricultural area
explained 8.45%. Model evaluation revealed an averaged
max kappa of 0.33 and an AUC of 0.74. Similar to the dry
grassland species group (Table 3, part A), the elimination
sequence of explanatory variables for wetland species
(Table 3, part B) does not show any preference for either
state or rate variables during the selection process.
As shown in Fig. 4b, wetland species’ presence-pres-
ence events occurred proportionally more often than
presence-absence events in communes assigned the tra-
jectory types 1 and 3. According to the model coefficients
(Table 2, part B) the generally large agricultural area and
the high density of large farms in these communes supports
wetland species persistence. Communes of type 6 and 7, on
the other hand, have a low and decreasing agricultural area
and a low density of large farms, thus favoring presence-
absence events.
Discussion
Species Reactions to Land-Use/Land-Cover Change
and Rates of Change
The aim of the study was to explore correlations between
historical land-use/land-cover changes and observed
butterfly species persistence and occurrence. Therefore, not
only states of land use/land cover but also the
Table 2 Significant drivers of butterfly species disappearance between 1951 and 2000
Variable Estimate Standard error P-Value % Total explained deviance
(A) Dry grassland species
LS 0.96 0.27 B0.01 39.2 (±16.7)
FS3-R -3.56 0.95 B0.01 46.4 (±17.7)
FS4-R -33.43 14.19 B0.05 14.4 (±10.5)
Model fits: D2 = 0.09 ± 0.03, adjusted D2 = 0.08 ± 0.03
Model evaluation: max kappa = 0.28 ± 0.07, AUC = 0.69 ± 0.03
(B) Wetland species
FS4 -68.19 25.10 B0.05 44.8 (±21.1)
AA -3.92 1.47 B0.05 55.2 (±21.1)
Model fits: D2 = 0.15 ± 0.06, adjusted D2 = 0.14 ± 0.06
Model evaluation: max kappa = 0.33 ± 0.09, AUC = 0.74 ± 0.05
Note: The results are taken from final GLMs that related a multitude of explanatory variables to the binary variables ‘‘presence-absence’’ [1] and
‘‘presence-presence’’ [0] (see text for details). Each significantly driving variable is expressed together with estimate, P-value, percentages of the
total explained deviance, and model evaluation measures. Abbreviations: LS livestock, FS3-R rate of farm size 3 (5–10 ha), FS4-R rate of farm
size 4 ([10 ha), FS4 farm size 4 ([10 ha), AA agricultural area
442 Environmental Management (2009) 43:436–446
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corresponding rates of change were considered as explan-
atory variables. This follows the repeatedly formulated
hypothesis that rates of habitat change have a significant
influence on species extinction or persistence (Bergman
and Kindvall 2004; Brachet and others 1999; Schrott and
others 2005). Fahrig (1992) and Keymer and others (2000)
claimed that altering rates of habitat change would have a
stronger influence species living in ephemeral landscapes,
whereas effects of changing habitat area would have a
stronger influence on species occupying virtually perma-
nent environments. The butterfly species investigated in
this study occupy habitats that rely on a long traditional
management and history (Ellenberg 1996). According to
these authors, butterfly species persistence would therefore
be more endangered by changes in the amount of remain-
ing habitat. Our empirical data for the dry grassland
butterfly species confirmed this hypothesis and showed that
both states and rates of change are important drivers for
species survival. However, the rates have a higher
explanatory power, and the negative transformation rates of
the density of farms with an agricultural area larger than
5 ha suggest it is a major driver of species decline. At first
glance, this result is surprising, for we would expect more
favorable conditions for dry grassland species as the
number of large farms with an intensive production
decreases. Although this is certainly true for the favorable
area of large farms where intensified production increases
the productivity (Ba¨tzing 2003), it does not apply to the
marginal area of large farms. These marginalized areas
became increasingly available as more small farms merged
into larger farm complexes over the last 50 years. These
mergers caused farmers to concentrate on favorable areas
and many unfavorable, marginal agricultural areas that
traditionally require much manual work have become
abandoned or extensively used pastures. On these exten-
sively managed pastures, butterfly species diversity is
similar to the one of extensively used meadows (Hohl
2006), and the species analyzed in this study occur fre-
quently in such habitats (Lepidopterologen-Arbeitsgruppe
2001). Unless these marginal areas are regularly cleared,
Table 3 Stepwise elimination of explanatory state and rate variables
from the initial pool of 22 variables
Step (A) Dry grassland butterfly
species
(B) Wetland butterfly
species
1 OR-R FS4-R
2 LS-R FS3
3 FS2-R OR-R
4 OR YCOORD
5 AL-R FS2-R
6 FS4 XCOORD
7 RB-R WL
8 FS3 FS2
9 FS2 OR
10 XCOORD FS3-R
11 WL-R GL
12 RB AL
13 YCOORD GL-R
14 AA AL-R
15 AL AA-R
16 AA-R RB-R
17 GL-R RB
18 WL WL-R
19 GL LS
20 LS-R
Note: The elimination sequence of the variables from the initial GLM
starts with 1 (first elimination) and ends with 19 and 20 respectively
(last elimination). (A) is the elimination sequence of dry grassland
butterfly species where three explanatory variables were kept in the
model. (B) is the elimination sequence of wetland butterfly species
where two explanatory variables were kept in the model. Variables
expressing rates are indicated by the suffix -R. See Table 1 for an
explanation of the variables, except for XCOORD and YCOORD,
which represent longitude and latitude of the centroids of the
communes
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the ongoing abandonment will eventually result in dense
shrub vegetation and forest, hence decreasing dry grassland
species persistence (Erhardt 1985; Hohl 2006; Lepidopter-
ologen-Arbeitsgruppe 2001). Consequently, we echo
concerns of nature management agencies that the favorable
butterfly habitat conditions might not last for a long time.
Indeed, quantitative analyses showed that between the 1980s
and 1990s, spontaneous reforestation has mainly occurred
on unfavorable, marginal areas (Baur and others 2006).
These sites often harbor species-rich dry grasslands that will
be reduced in size with continuing forest expansion (Baur
and others 2006; Eggenberg and others 2001). Bergman and
Kindvall (2004) came to similar conclusions by analyzing
the extinction risk of the butterfly species Lopinga achine in
relation to the rate of canopy closure of the species’ habitat.
This butterfly lives in partly open oak woodland where the
traditional management of grazing or mowing prevents the
canopy to close. The model of Bergman and Kindvall (2004)
shows that the survival of the populations in the next
100 years will be seriously affected by the rate of canopy
closure. The latter affects the presence or absence of the
species’ host plant. The study of Bergman and Kindvall
(2004) confirms our concern that the positive impacts of the
small-to-large farm transformation on dry grassland species
persistence might not be sustained in the long run unless
regular clearings take place.
The other significantly influencing explanatory variable
for dry grassland species disappearance is the density of
livestock in the communes. This state variable was intro-
duced as a surrogate variable to capture habitat quality
characteristics like the amount of fertilizer spread in the
commune or the intensity of grazing, given that no his-
torical records were available to estimate rates. The
correlation showed that increasing numbers of livestock
had a negative effect on the survival of the dry grassland
butterfly species. We conclude that with the increase in
livestock, more dry grasslands were turned into nutrient-
rich meadows or pastures that caused habitat loss for the
specialized butterfly species (Baur and others 2006; Erhardt
1985; Hohl 2006).
In the case of the wetland butterfly species group, larger
farm sizes and larger agricultural areas have promoted
species survival. As with the dry grassland species, we
assume that the larger the farm size, the lower the eco-
nomic pressure to use all available agricultural land
intensively, leaving wetlands as nonintensively cultivated
areas. Surprisingly, neither wetlands nor the rates of wet-
land change were retained as explanatory variables in the
model. This might have resulted from the fact that wetlands
showed a steep decline until the 1980s, followed by a
strong increase until the 1990s, so that these divergent
trends were mutually compensated and no discrimination
was achieved. The sudden increase in cultivated wetlands
in the agricultural statistics can be explained with the
refunds paid since the 1990s for the maintenance of eco-
logical compensation areas (BFS 1996).
For nature conservation purposes, it would be desirable
to quantify tolerable maximum rates of change to design
effective preservation programs. Our model results showed
that declines of dry grassland butterfly species were more
prominent in communes where such changes happened
more rapidly over the last 50 years. However, despite the
fact that we were able to show statistically significant
relationships between the rate of change and species
decline, the models do not allow deriving maximum tol-
erable rates of change. To achieve such results one would
have to analyze local population density data with (meta-
)population models using dynamic environments. At the
moment, such datasets are not available at the national
level and for many historical time steps.
Limitations of the Historical Analysis
Statistical census data are a valuable and efficient alter-
native to maps, aerial photographs, or remote sensing data
for describing land-use/land-cover changes over broad
extents. Data on agricultural structures (e.g., farm sizes,
number of livestock) that cannot be obtained form carto-
graphic representations, make censuses an interesting data
source. Nevertheless, some limitations have to be consid-
ered. (1) The spatial resolution of such analyses is
constrained by the extents of the communes and no further
spatial differentiation is possible within these minimum
units to find out where exactly certain land uses/land covers
have occurred. However, the aggregated level achieved
with census data is not a disadvantage given that historical
species observations are often missing exact spatial refer-
ences, and thus species occurrence is better represented on
a communal level. (2) Census data often display cultivated
land categories only. This restriction can be a real draw-
back for ecological analyses, especially when unproductive
areas (mostly seminatural vegetation as found, e.g., on
floodplains or bogs) are not represented in such datasets.
Our aim to explain species occurrence with a simple,
statistically significant set of prominent state and rate
variables yielded rather low model fits, leaving much
deviance unexplained. We attribute these findings to (1) the
statistically rigid variable selection, (2) the selection of
valid historical species presences/absences, and (3) the lack
of available historical variables that have a more direct
impact on species occurrence [more proximal according to
Austin (1980)]. The latter point is a repeatedly men-
tioned problem with historical datasets. Ideally, access to
historical information on microhabitat and vegetation
composition, data on meadow cutting, or information on
intensive pasturing or eutrophication would have improved
444 Environmental Management (2009) 43:436–446
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our models. They are all considered important factors
related to butterfly species occurrence (Lepidopterologen-
Arbeitsgruppe 2001), and their inclusion in our statistical
analysis might have substantially increased model perfor-
mance. However, these factors often show strong annual
variations (even single events might have strong impacts)
and, thus, are hard to reconstruct in historical times. Our
attempt to approximate such impacts with valuable surro-
gate data such as the density of livestock as surrogate for
the intensity of pasturing and fertilization was quite suc-
cessful. Furthermore, we are aware that factors such as
climate or the genetic impoverishment occurring in small
populations might contribute to more explanatory power of
the models.
Management Implications
We have evidence that dry grassland butterfly species have
decreased over the 50 years of investigation due to inten-
sifications of formerly extensively used pastures,
transformations of unfertilized hay meadows into fertilized
meadows, and transformation of marginal grassland sites to
forests. In order to support species persistence, we suggest
maintaining or mimicking the traditional management on
unfertilized dry grasslands. This is not contradictory to
modern farm management on large farms. Moreover, we
found a positive effect of large farm occurrence on dry
grassland species persistence. However, the effect is only
long-lasting if the marginal areas created in the course of
farm mergers are regularly cleared of regenerating shrubs
and trees or are occasionally grazed by animals like goats
or sheep. Preservation of wetland butterfly species is most
effective when small wetland areas are traditionally man-
aged. Unlike goat or sheep grazing, management of small
wetlands is an economic burden for most farms and should
be financially compensated. In Switzerland, most farms
participate in agri-environmental programs and are com-
pensated for their efforts (and financial losses) on small
ecological compensation areas.
Conclusions
This article shows that historical land-use/land-cover
changes could be linked to decreases in butterfly species
from wetland and dry grassland habitats. The main con-
clusions of the article are as follows:
1. Historical data should be carefully checked prior to
building a model. The (historical) information was
frequently collected or assembled for purposes other
than spatial modeling and often lacks a sound sampling
strategy.
2. Cluster and trajectory analyses as described in this
article are welcome complements to traditional regres-
sion analysis (GLM, GAM). They enable us to
interpret the results of the regressions within the
context of all explanatory variables and yield a
detailed spatial context that goes far beyond a simple
thematic map.
3. State and rate variables are important drivers of our
species persistence/disappearance. For dry grassland
species, the rate variables explain more variance than
the state variables. This empirical finding confirms
several hypotheses stated in the literature (Fahrig
1992; Keymer and others 2000).
4. We have evidence that small-to-large farm transfor-
mation has positive effects on the persistence of the
two groups of butterfly species. The positive effect can
only be sustained in the long run if large farms adopt
innovative management strategies (e.g., clearing or
grazing marginal grassland areas regularly).
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